Abstract. Using the Lorentz integral transform (LIT) method we compare the results for the triton total-photodisintegration cross section obtained using the correlated hyperspherical harmonics (CHH) and the effective interaction hyperspherical harmonics (EIHH) techniques. We show that these two approaches, while rather different both conceptually and computationally, lead to results which coincide within high accuracy. The calculations which include two-and three-body forces are of the same high quality in both cases. We also discuss the comparison of the two approaches in terms of computational efficiency. These results are of major importance in view of applications to the much debated case of the four-nucleon photoabsorption.
Introduction
In the last few years there has been a resurgence of interest in the photodisintegration of few-nucleon systems. This is essentially due to two reasons. One of them is that few-body theories have now achieved the ability to produce results of high accuracy for reactions into the many-body continuum. The other is the ongoing debate about the existence and nature of three-body forces, which finds a natural testing ground in reactions involving the three-nucleon systems. Some theoretical results on photonuclear reactions with light nuclei using realistic two-and threebody potentials have already been published [1] [2] [3] and among them is a benchmark between the correlated hyperspherical harmonics (CHH) and Faddeev approaches [2] on the total photodisintegration cross section of the three-body systems. This benchmark demonstrated the high degree of accuracy reached by these two techniques. At the same time it showed the inadequacy of existing experimental data to allow any conclusion about the three-nucleon force effect, whose magnitude turns out to be smaller than the rather large error bars.
In this work we test the EIHH method on the triton photonuclear cross section with realistic forces. This method is also based on a hyperspherical harmonics expansion, but uses the concept of an effective interaction to speed up the convergence of the expansion. We believe that it is necessary to benchmark EIHH results on a realistic force calculation. In fact, when combined with the LIT method [4], this approach is very promising (see, e.g., refs. [5, 6] ) for the study of electromagnetic reactions on heavier systems, where three-body force effects might be more prominent.
In the following we first briefly recall the LIT method (Sect. 2). In Sect. 3 the hyperspherical expansion method is summarized, together with the CHH (Sect. 3.1) and EIHH (Sect. 3.2) techniques. They address the problem of convergence for the solutions of the Schr€ o odinger and Schr€ o odinger-like equations required by the LIT method. Sect. 4 contains results for the triton photoabsorption with a realistic two-and threenucleon force and, in view of applications to the electromagnetic responses of heavier systems, also a discussion about the computational efficiency of the two approaches.
The LIT Method
The LIT method has been described extensively in several publications [4, 7] . Here we only recall the key points.
The calculation of any inclusive electromagnetic cross section requires the knowledge of the response function
where ! represents the energy transferred by the electromagnetic probe, j0i and E 0 are the ground-state wave function and the energy of the system undergoing the reaction, jni and E n denote eigenstates and eigenvalues of the Hamiltonian H, and Y is the operator relevant to the reaction. The relation between the total photoabsorption cross section and the response function is given by
where is the fine-structure constant and Y of Eq. (1) is the nuclear current operator. In the low-energy region considered here one can rely on Siegert's theorem and use for Y the unretarded dipole operator
where A is the total number of nucleons and 3 i and z i are the third components of the nucleon isospin and position with respect to the centre of mass of the nucleus, respectively.
The LIT method consists in calculating Rð!Þ of three steps.
Step 1. The equation
is solved for many ! 0 and a fixed G.
